The International Food Policy Research Institute (IFPRI), established in 1975, provides evidence-based policy solutions to sustainably end hunger and malnutrition and reduce poverty. The Institute conducts research, communicates results, optimizes partnerships, and builds capacity to ensure sustainable food production, promote healthy food systems, improve markets and trade, transform agriculture, build resilience, and strengthen institutions and governance. Gender is considered in all of the Institute's work. IFPRI collaborates with partners around the world, including development implementers, public institutions, the private sector, and farmers' organizations, to ensure that local, national, regional, and global food policies are based on evidence. IFPRI is a member of the CGIAR Consortium.
INTRODUCTION
Persistent high rates of extreme poverty and gender inequality, together with increased frequency of natural and man-made disasters, have increased policymakers' interest in public work programs as a form of productive safety nets. The ability to set wages in a way that is self-targeting and fosters gender equality, combined with the opportunity to construct physical infrastructure that can enhance growth and wages in the long term, makes such programs very attractive compared to available alternatives. At the same time, however, there has been concern that implementing these programs successfully carries high administrative requirements and that where these controls are not in place, large amounts of resources may be wasted or end up lining the pockets of local officials.
With a budget of US$7.8 billion in 2011/12 alone, India's National Rural Employment Guarantee Scheme (NREGS) is one of the largest programs of this kind globally.
1 It guarantees employment for up to 100 days per fiscal year at wages that are equal for men and women, thus serving not only as an insurance substitute but also having the potential to enhance female empowerment. Implementation, at least in some states, also includes some innovative features, such as making all project-related data available on the internet, directly depositing payments into beneficiaries' accounts, and regular social audits to minimize corruption.
2 While this suggests that NREGS could herald a new generation of such programs, the implementation has not been uncontroversial.
Supporters point to awareness and participation rates, especially by females (greater than 50 percent), that are significantly above those in earlier or comparable programs, as well as anecdotal evidence suggesting that the program has made clear contributions to decentralization, transparency of political processes, and female empowerment (Dreze and Khera 2011; Khera and Nayak 2009) . Critics note the program's high cost, inefficiency in transferring resources, and serious corruption (Niehaus and Sukhtankar 2012) . They point out that high program wages not only cause leakage and corruption that may undermine program impacts but, instead of helping people move out of agriculture, may in fact encourage return migration to rural areas. To better understand whether these arguments are justified, empirical analysis of NREGS impacts is needed.
Beyond a large body of descriptive and case study evidence, most quantitative studies of NREGS have focused on general equilibrium impacts through price and wage effects, using the program's phased roll-out to identify treatment effects based on repeated cross-sections or administrative data. While this approach has provided important insights, it is not well suited to (1) assessing the extent to which the program and its benefits are targeted toward the poor, (2) identifying the channels through which program effects materialize, and (3) assessing behavioral responses to determine whether, for example, the program crowds out other forms of employment. The use of before/after household panel data allows assessment of program effects on the treated, to answer some of the policy issues raised in this context, but this assessment is demanding in terms of data.
This paper focuses on partial equilibrium impacts of NREGS on direct beneficiaries. We study NREGS impact on key welfare indicators and the channels through which the impacts materialize, using a three-round panel of some 4,000 households in the Indian state of Andhra Pradesh. The fact that data were collected in 2004, before NREGS had been conceived; in 2006, when the implementation was just starting; and in 2008, when the program was fully operational throughout the state, together with the program's phased roll-out, allows us to distinguish short-and medium-term effects. Data at the household level are combined with administrative data on households' participation and work records.
We find that, in the setting studied, the program was reasonably well targeted and had significant impacts, the magnitude of which exceeded the value of direct transfers. While short-term effects focus on higher nutritional intake, accumulation of nonfinancial assets is visible in the medium term. Benefits are concentrated with scheduled castes and tribes and those relying on casual labor. Land-related investment is one plausible channel for medium-term benefits to materialize, and there is little evidence of NREGS crowding out other types of employment or investment.
The paper is structured as follows. Section 2 describes key features of NREGS, its implementation in Andhra Pradesh, and evidence on its impact from the literature. Section 3 introduces administrative and household survey data, descriptive statistics, and our methodology. Section 4 presents estimates of program impacts in the short and medium term, heterogeneity of impacts by caste and labor market participation status, and impact pathways via labor markets and land-related investments. Section 5 concludes by drawing out implications for policy and further research.
PROGRAM NATURE AND EXISTING EVIDENCE
Although NREGS quickly became a flagship program for India's government, states-which by law are responsible for implementing it-diverged widely in their approaches and levels of success, with some states using innovative ways to increase transparency and accountability and ultimately the program's welfare impacts. A number of features make Andhra Pradesh a model in this area. Still, partly due to data limitations, evaluations of direct program effects are scant, often based on doubtful identification assumptions, and unable to fully appreciate the heterogeneity of impacts.
Program Design and Implementation Modalities
Following passage of the Mahatma Gandhi National Rural Employment Guarantee Act in 2005, the NREGS was rolled out across all of India's rural areas, proceeding from the poorest to more affluent districts in three phases that started in February 2006 , September 2007 , and April 2008 Program expenditure increased from the equivalent of US$2.1 billion in 2006/07 to US$8.9 billion in 2010/11, providing payment for nearly three billion workdays. While responsibility for the allocation of funds to specific projects lies with the states, the central government budget covers 100 percent of wage and 75 percent of nonwage expenditures.
Building on lessons from a long tradition of food-for-work schemes (Dutta et al. 2012b; Subbarao 1997) , NREGS features important innovations (Khera and Nayak 2009) . First, it establishes a legal right for households to be employed for up to 100 days per year; in fact, individuals who apply but do not receive work within a period of two weeks are entitled to unemployment compensation. Second, the minimum wage rate, set at the state level, applies both to males and females, making the program particularly attractive to women, who normally receive significantly lower wages than men (Deininger, Jin, and Nagarajan 2013) . Amenities such as crèches, which by law must be provided at the work sites to encourage women's participation, can also be expected to reduce gender discrimination. Third, to improve the productive capacity of rural areas in the long term and thus make the program sustainable, there is a desire to focus work on productive infrastructure such as irrigation systems, minor roads, and land improvement.
Local governments (gram panchayats) and village assemblies (gram sabhas) have far-reaching responsibilities with regard to the implementation and supervision of the program. These include preparation of a list of projects to be undertaken, supervision of ongoing projects, identification of potential interested workers, assignment of these workers to specific work sites, and management of financial flows. To participate in NREGS, rural households first need to be registered at the local gram panchayat, which results in the issuance of a job card and entry of the applicants' names into a register of all job seekers called the muster roll.
3 Once work has been performed, workers are to be paid within a period of two weeks or less. In practice, these regulations are not always followed, and performance varies enormously across states (Comptroller and Auditor General of India 2008) . Reviews of the program found that many job seekers were unable to obtain the desired level of work, at least initially (Dutta et al. 2012b) . Local decisionmakers were found to use NREGS strategically to maximize rents (Niehaus and Sukhtankar 2012) , consistent with the wide variation in quality and transparency of implementation across the country. 3 As per the program regulations, the job card, which must contain photographs of all the adult members of the household, is to be delivered to applicants free of charge within 15 days of application. In principle, once a household has a job card, that household is expected to indicate demand for work (less than or equal to 100 days) under NREGS for the following year. Based on household demand as ratified by the village meeting (gram sabha), a work plan at the gram panchayat is elaborated and submitted upward for consolidation. Projects are sanctioned at the district level, and the gram panchayats are responsible for the allocation of work among job seekers. In practice, the process is often more top-down, based on central budget allocations, and even information about available projects is not always available to job seekers.
An emphasis on promoting self-help groups among poor women that started in the late 1990s is likely to have allowed Andhra Pradesh a head start in implementing NREGS. Strong self-help group coverage, a federated structure, and various efforts to promote convergence with local government (Deininger and Liu 2013) allowed quick mobilization of the target group once NREGS became effective. Importantly, all self-help groups had elaborated "livelihood plans" to identify opportunities for smallscale labor-intensive investment that could be used as the starting point for a list of projects to be implemented under the program.
After implementation of a predecessor program was marred by high levels of corruption (Deshingkar and Johnson 2003) , the state of Andhra Pradesh took distinct measures to hold officials more accountable (Aiyar and Samji 2009) . First, key program information (muster rolls, lists of work performed and wages paid) is made available online for access by the public, making it easy to trace participants, work sites, and payments. Second, bank accounts were opened for all participants, and modern payment systems are used to reduce fraud and transaction costs and encourage saving. By ensuring that payments are made to the individuals who did the work, the use of smartcards has, according to some observers, improved female empowerment (Johnson 2008) . Finally, to quickly identify deviations from the rules and punish responsible officials, social audits featuring active involvement by a wide range of stakeholders are conducted regularly in all the state's administrative units. 4 These features, many of which were subsequently incorporated into the national regulations for program implementation, have led the state to be considered one of a few star performers in terms of the quality of program implementation (Dreze and Khera 2011) .
Approaches to and Evidence from NREGS Evaluations
Not surprising, in light of the program's size and importance, a large literature aims to assess the impacts of NREGS. Descriptive evidence suggests that the quality of program implementation varied across states (Liu and Barrett 2013) but that the program seems to have allowed households to mitigate the impacts of consumption shocks (Coffey, Papp, and Spears 2011) , for example, due to variations in rainfall, and deal with large and covariant swings in asset prices (Johnson 2009) . As it provides a larger relative wage increase for females than for males, it is not too surprising to see positive program impacts on females at the descriptive level, with knock-on effects on their offspring (Dev 2011) .
While the program effectively targets the poor, significant rationing remains (Dutta et al. 2012a) , so that some benefits may be captured by elites (Niehaus and Sukhtankar 2012) , reducing the program's effectiveness in transferring resources to the poor (Shankar, Gaiha, and Jha 2011) . This is consistent with the finding that access to information significantly affected poor people's ability to benefit from the program (Jha, Bhattacharyya, and Gaiha 2011b) , and the presence of a positive association between landholding and NREGS (that is, less poverty targeting) (Jha et al. 2009 ).
Establishing the control group needed to more rigorously assess impacts is made more difficult by the fact that the program now operates nationally and that phasing in was not random but instead gave preference to poorer districts. A growing number of studies use the phasing in of the program to assess district-level impacts of the program, often relying on repeated cross-sections of National Sample Surveys (NSSs). To the extent that the underlying assumptions are justified, this would provide an estimate of the intention to treat effect of the program on wages or employment at the district level.
One contribution using this approach (Imbert and Papp 2011) finds that the program provided direct and indirect benefits and that direct gains and indirect gains (via general equilibrium effects) are of similar magnitude. The quality of implementation varies significantly across states, as indicated by the fact that the estimate of program effects almost doubles (to 9 percent) in the states with the best implementation performance. Increases were focused on low-wage, low-skilled public employment; in fact, wages for better-paying jobs decreased. Seasonality in wage labor demand was important: the average daily earnings of casual laborers increased by 4.5 percent during the dry season but were unaffected in the rainy season. This result implies that program-induced wage increases redistribute income from net buyers to net suppliers of labor but that the impact on labor force participation remains limited. Using the same framework, Azam (2012) finds that increases in female wages are larger than increases in male wages. Wages for female casual workers were estimated to have increased 8 percent more in NREGS districts as compared to non-NREGS districts.
One issue that might affect the credibility of these estimates is that with nonrandom program placement, the parallel trend assumption may not hold. To account for this, some studies have used an index by the Planning Commission that in some sense defines eligibility for the program by ranking districts by poverty. Using this index in a discontinuity framework suggests that NREGS has had limited impact on male wages and levels of employment but some effects on females, with wage impacts concentrated in the agricultural off-season (Zimmermann 2012) . NSS consumption data from 2005 and 2008, used to construct a nationwide district panel (188 in phase 1 and 103 in phase 2), allows researchers to assess the program's impact on poverty gaps and consumption patterns, suggesting effects on welfare, especially for scheduled castes and tribes, and nonfood spending (Klonner and Oldiges 2012) . 5 As NSS data lack information on wages in agriculture, use of administrative data on gender-specific wages for agricultural and unskilled tasks (at the district level) could allow more direct inference of agricultural wage gaps, which are most relevant for the poor. Results from this analysis suggest that the program affects unskilled wages but leaves the gender wage gap unaffected (Berg et al. 2012) .
Beyond possible general equilibrium effects, impacts on participating households can help identify ways in which benefits from NREGS participation materialize. Such effects can, in principle, be identified using panel data for households unable to participate initially. Relying on a small household panel dataset in one district in Andhra Pradesh, Ravi and Engler (2012) apply a pipeline to compare participants to households that were denied access and find that NREGS had large impacts on total, food, and nonfood per capita expenditure (found to have increased by 9.6 percent, 23 percent, and 17 percent, respectively). NREGS participation is estimated to have increased the likelihood of a household having a savings account by 21 percent and total savings by Indian Rupees (Rs.) 19 (Ravi and Engler 2012) . Because the baseline survey was conducted at a time when the program was already available, the credibility of the results depends on the fact that initial rationing of nonparticipants was indeed exogenous. Another study that relies on a large sample focuses on education and social outcomes instead and finds that higher female participation in NREGS (instrumented by mandal-level rainfall shocks) increased girls' time spent in school, grade progression, and female bargaining power (Afridi, Mukhopadhyay, and Sahoo 2012) .
DATA, DESCRIPTIVE EVIDENCE, AND APPROACH
To assess program impacts, we combine panel household survey data from before and after the program became available, together with administrative data on participation, using double and triple difference (DDD) estimates together with propensity score matching (PSM). The phased introduction of the program allows us to distinguish short-term from medium-term effects, overall as well as for subgroups in the population.
Data Sources and Variable Construction
We combine a three-round panel household survey with administrative data. The household survey includes information on some 4,000 households in 480 villages from five districts in Andhra Pradesh that were interviewed in 2004, 2006, and 2008. 6 This allows us to use the 2004 and 2006 household survey rounds as a preprogram baseline to obtain double and DDD estimates of program effects.
7 Moreover, three of the sample districts were covered by NREGS in 2006 under phase 1, so the 2008 survey data allow us to draw inferences regarding medium-term effects of NREGS. The remaining districts were included in phases 2 and 3, so the 2008 data are indicative of short-term program effects.
The household survey includes information on demographic status, spending on food and nonfood items, 8 asset endowments, and investments in land. Survey information plus a qualitative exercise was used to assign households by poverty status either to the poorest of the poor, the poor, the not-so-poor or the nonpoor.
9 Inclusion of the job card number in the 2008 survey provides a link between our household-level data and administrative records on program participation. Administrative data, available online, include job card information for all wage-seeking (registered) households; muster roll information such as wage rate, total workdays, and payments for each worker; and characteristics and completion status of all NREGS work.
The household data allow us to use changes in nutritional intake as a measure of short-term program effects and asset endowments and land-related investment to capture medium-term effects. We measure nutritional intake by multiplying physical quantities of the more than 30 food items in the questionnaire's consumption section with their caloric and protein content based on India's main reference (Gopalan, Rama Shastri, and Balasubramanian 2004) to compute calories and protein consumed.
10 Nonfinancial assets include consumer durables, equipment, and livestock. 11 Consumption and assets are in per capita terms based on adult equivalent measures throughout.
12 Finally, we have information on whether or not a range of land-related investments were undertaken on the household's land and whether, in the case of a positive response, NREGS had contributed to such activity. Table 3 .1 summarizes the evolution of access to job cards and NREGS participation by program phase and household poverty status. In phase 1 districts, some 55 percent of the two poorest groups, as well as 44 percent and 30 percent of not-so-poor and nonpoor households, respectively, had received job cards by 2008. Rates of job card issuance overall were, at 36 percent and 40 percent, slightly lower in phase 2 and phase 3 districts, respectively, but there was greater emphasis on the poor, especially in phase 3 districts, where about 43 percent of the poorest held job cards, compared to 15 percent of not-so-poor households. Actual participation was, at 41 percent of the total (46 percent of the poorest and the poor) and some 50 days supplied by the average household in 2008, higher in phase 1 than in phase 2 (30 percent) and phase 3 districts (19 percent). In line with program regulations, we do not find significant differences in wages between males and females. It is thus not surprising to see female levels of participation that are much higher than those of males (63 percent in phase 1, 60 percent in phase 2, and 50 percent in phase 3 districts in 2008). Not surprisingly, the average total NREGS payment to participant households is much higher in phase 1 districts than that in phase 2 and 3 districts in 2008 (Rs 4103 in phase 1 versus Rs 1540 in phase 2 and Rs 955 in phase 3). Table 3 .2 reports percentage of villages with different types of NREGS projects having been completed by 2006, 2007, and 2008 for all phase 1, phase 2, and phase 3 villages in our five sampled districts. A total of 88 percent, 55 percent, and 1 percent of phase 1, 2, and 3 villages, respectively, had completed at least one NREGS project by 2008. The most common types of NREGS work were irrigation and land improvements, which, by 2008, had been taken up by 76 percent and 75 percent, respectively, of phase 1 villages. 2004, 2006, and 2008 . Participant households are those with at least one member participating in NREGS. NREGS participants had lower consumption, assets, and energy and protein intakes than nonparticipants in each of the three years. Appendix Table A .2 report the results from logit regressions of NREGS participation in phase 1 districts and phases 2 and 3 districts, clustered at the village level. The results suggest higher participation by the poor, scheduled castes and tribes, casual laborers, and those with lower initial consumption. Literacy, male headship, and holding a leadership position in the village are associated with higher participation levels in Phase 1 districts. While this suggests pro-poor targeting, village leaders are likely to affect the allocation of work, and a lack of program awareness by illiterate people seems to constrain participation in phase 1 villages.
Descriptive Evidence

Analytical Approach
NREGS participation can, in principle, yield three types of direct benefits. First, a transfer effect will directly increase income by either paying higher wages than those received in the market, especially for females, or providing employment at times when there is no demand from other sources. The size of the effect will depend on the extent to which supply to the casual labor market increases compared to the without-program situation. Second, some of the income gained can be channeled toward savings and investment to strengthen households' resilience in the longer term, an effect that may be enhanced if wages are deposited into a savings account. Third, as NREGS aims to increase the productivity of resource use and small-scale works on participants' own land that is eligible for program support, investment on marginal lands to enhance agricultural productivity can be another avenue for program impacts to materialize, though these would not directly benefit the landless.
We define direct beneficiaries as eligible households that had at least one member work under NREGS and use difference-in-difference (DID) and DDD methods, together with PSM, to provide estimates of NREGS impacts on these beneficiaries. 
G is a kernel function and n b is a bandwidth parameter. We use bootstrapping with 200
replications to estimate the standard errors for the PS-matched kernel method. We choose the PS-matched kernel method instead of the more commonly used nearest-neighbor matching to obtain valid bootstrapped standard errors Imbens 2006a, 2006b ). We also trim off the observations with a PS lower than 0.1 or higher than 0.9, following Crump et al. (2009) . For the DDD estimator, we compute
This can be rewritten as
The identification assumption of DDD is thus
, that is, the selection bias between period 1 and period 2 is equal to that between period 0 and period 1. In contrast to the identification assumption of DID, we allow subsequent changes of counterfactual outcomes to differ between the treated and the control households and only assume the difference of the subsequent change over the two periods to be identical between the treated and the control households. This assumption is at least as good as the assumption for DID with the parallel trend test passed. To see this, note that the assumption for the latter is that B B = , which is a sufficient though not a necessary condition for DDD. In other words, the DDD condition holds if the assumption for DID with the parallel trend test is satisfied and may hold even if the latter is rejected. To account for the possible remaining bias due to the interaction between observables and the difference of subsequent changes over the two periods, we combine DDD with PSM as described above.
EMPIRICAL RESULTS
Our results point toward a program-induced rise in energy and protein intake in the short term and increased accumulation of nonfinancial assets in the medium term. Both effects are more pronounced for scheduled castes and tribes, consistent with the pro-poor targeting of NREGS. Both effects are also more evident for households with at least one casual laborer, with potential spillover effects-in terms of asset accumulation, which may be explained by higher levels of investment in land improvement by program participants-to households with no casual laborers. This could be a channel for NREGS to trigger a sustained increase in labor demand, consistent with our rejection of the hypothesis that NREGS crowds out other types of informal employment or private land investment activities.
Estimates of Program Impacts
Results from DID estimates with and without PSM for medium-term (in phase 1 districts) and short-term (in phase 2 and 3 districts) impacts are in the two top and bottom panels of For 2004 For -2006 , DID and DID plus PSM reject the parallel trend assumption: both suggest that pre-program changes in consumption and nutritional intake were lower for participants than for nonparticipants, a finding that should not come as too much of a surprise, as participants self-selected into NREGS. As a result, DID may underestimate actual program impacts, motivating use of the DDD approach. In the short term (phase 2 and 3 districts in the bottom panels), DID and DID plus PSM suggest positive effects of NREGS participation on protein intake and fail to reject the parallel trend assumption, possibly due to lack of power. The results from simple DDD and DDD plus PSM, as reported in the top panel of Table 4 .2, point toward significant and positive medium-term impact of NREGS participation on consumption expenditure and asset accumulation. With an annual increase of 11 or 7 percentage points, or Rs. 1,261 or 943, for the two methods, respectively, estimated gains exceed the magnitude of NREGS-related cash transfers to participants in per capita term (Rs. 570 overall or Rs. 672 in 2008). The estimated NREGSinduced increase in asset accumulation of 35 to 40 percent is large as well. Evidence from phase 2 and 3 districts points toward significant NREGS impacts-of 11 percent and 12 percent-on energy and protein intake, respectively, supporting the notion that most immediate program impacts involve improving nutrition, as suggested by others (Jha, Bhattacharyya, and Gaiha 2011a) , possibly followed by asset accumulation in the medium term. To explore whether, as suggested by other studies and descriptive data, NREGS disproportionally benefits the marginalized, we repeat the above analysis for scheduled castes and tribes compared to others. We indeed find that significant medium-term effects on energy intake and accumulation of nonfinancial assets (as well as protein intake) emerge for scheduled castes and tribes (Table 4 .3 top panel). Medium-term benefits to other castes are limited to higher levels of consumption (Table 4 .3, panel 2). Similarly, in the short term, DDD plus PSM points toward higher levels of growth in consumption, energy, and protein intake due to NREGS benefits that are exclusively concentrated among scheduled casts and tribes (Table 4 .3, panel 3). In addition to supporting the notion of effective self-targeting, this outcome points to the need for detailed exploration of pathways through which program-induced impacts may come about. Source: Authors' computation from household survey and administrative data. Notes: All figures in per capita terms. DDD = triple difference estimation; PSM = propensity score matching; Rs = Indian rupees; Kcal = kilocalorie; g = gram.
Significance level: *: 10%, **: 5%, ***: 1%. Robust standard errors are in parentheses.
Impact Pathways through Labor Markets
As direct program effects will be transmitted through casual labor markets, we can check the plausibility of our results by using DDD methods to analyze medium-and short-term direct impacts on households with and without members primarily engaged in casual laborer in the initial period (Table 4 .4). The top panel suggests that, in the medium term, NREGS benefits households that rely on casual labor through higher levels of consumption, intake of energy and to some extent protein, and asset accumulation. By comparison, the only medium-term impact on households that did not participate in casual labor markets was via asset creation, in line with the program's goal to create assets that, by increasing agricultural productivity, can provide a basis for greater demand for casual labor in the long term. In the short term, we find that the only significant impact is an increase, of about 12 percent, in protein intake by participants relying on casual labor (Table 4 .4, bottom panel) with no evidence of short-term effects on those who do not rely on casual labor. Source: Authors' computation from household survey and administrative data. Notes: All figures in per capita terms. NREG = India's National Rural Employment Guarantee Scheme; DDD = triple difference estimation; PSM = propensity score matching; Rs = Indian rupees; Kcal = kilocalorie; g = gram.
As an additional test of the extent to which NREGS participation works through the casual labor channel, we use 2006 and 2008 panel data to estimate
where ∆ is the change in casual labor income between 2006 and 2008 for household i; 14 NREGS i is an indicator variable that equals 1 if the household participated in NREGS between July 2007 and June 2008, the reference period for casual labor income in the 2008 survey, and 0 otherwise; 0 is a vector of initial period control variables that includes caste, poverty category, literacy, female headship, household size, number of adults, and land holdings; ( ) denotes district dummies; and is a random error term. We also estimate equation (2) using 2004 and 2006 panel data as a falsification test to examine the plausibility of the DID identification. This allows us to not only assess the contribution of NREGS to total casual labor income at the household level but also distinguish households' casual labor income by gender to explore links between changes in casual labor income and NREGS participation for male and female individuals separately.
Regression results in Table 4 .5 suggest that NREGS participation led to a significant increase in casual labor income overall and for male and female participants separately, with estimated magnitudes of Rs. 3,304, 1,797, and 1,522 for total, female, and male casual labor income, respectively. In all cases, the falsification tests using pre-program income levels support the parallel trend assumption. Administrative data put mean NREGS-induced transfers to program participants in the July 2007 to June 2008 period at Rs. 3,340 per household, close to the increase in total casual labor income estimated here (Rs. 3, 304) . This suggests that NREGS work is unlikely to crowd out other forms of casual employment and that leakage was limited, contrary to what was found by others at the national level (Niehaus and Sukhtankar 2012) . Source: Authors' computation from household survey and administrative data. Notes: t statistics are in parentheses. Significance level: *: 10%, **: 5%, ***: 1%.
Impact Pathways through Land Investment
The fact that our survey includes information on land-related investment allows us to explore the extent to which NREGS helped increase agricultural investment. Descriptively, Levels of investment were uniformly higher during the program period compared to before, possibly reflecting the impact of NREGS-related investment incentives. While we find no significant preprogram differences in the propensity to invest in land improvement between program participants and nonparticipants in the pre-program periods, this changed markedly once NREGS became available, when the probability of making land investment was 46 percent for participants versus 30 percent for nonparticipants in phase 1, 72 percent versus 36 percent in phase 2, and 55 percent versus 40 percent (though not significantly different) in phase 3 districts. This suggests not only that NREGS fostered landrelated investments overall but also that program participation increased the likelihood of undertaking such investments. As the survey asked if investment was supported by NREGS, we can compare the share of land improvement activities with and without NREGS support between households that did or did not participate. We note that 38 percent versus 23 percent in phase 1, 66 percent versus 21 percent in phase 2, and 50 percent versus 34 percent (again insignificant) in phase 3 districts were supported by NREGS.
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To explore the impacts of NREGS participation on land investment, we estimate equation (2) using as a dependent variable the change in land investment between 2006 and 2008. Most other variables are as defined above, and we also conduct a falsification test using 2004 and 2006 data. As earlier, we estimate this for the total sample and subsamples of scheduled castes and tribes and other castes. The results in Table 4 .7 suggest, in line with descriptive evidence, that NREGS participation increases the propensity to make land-related investment. The size of the estimated effect, 22.2 percent for all households versus 22.6 percent and 22.0 percent for scheduled castes and tribes and other caste households, respectively, does not vary much across subgroups, suggesting that scheduled castes and tribes do not suffer disadvantages. Lack of significance for the program participation dummy in the regressions with pre-program investment supports the notion that these are program effects rather than pre-program differences. Source: Authors' computation from household survey and administrative data. Notes: Significance level: *: 10%, **: 5%, ***: 1%. Robust standard errors are in parentheses. NREGS = India's National Rural Employment Guarantee Scheme.
Appendix Table A .3 reports regression results on NREGS-supported land investment. We use the same specification as in equation (2), where the dependent variable becomes the dummy variable indicating NREGS-supported land investment from 2006 to 2008. The results point to a 22.9 percent increase in propensity of NREGS-supported land investment for all NREGS-participating households, 22.6 percent increase for scheduled castes and tribes, and 22.8 percent for other castes. Again, we note that the magnitude of the estimated effect on NREGS-supported investment is close to the magnitude of the estimated effect on all land investment, suggesting that NREGS did not crowd out private investment or investment supported by other projects. We also note that scheduled caste and scheduled tribe participants were not discriminated against in land-related investment activities supported by NREGS.
CONCLUSION AND IMPLICATIONS
Our study complements a large literature on general NREGS impacts by exploring effects on participants in one Indian state with a good implementation record. Methodologically, two rounds of pre-program data allow the use of an identification strategy that combines DDD estimates with PSM. Substantively, we contribute to the literature in a number of ways. First, we show that short-term direct impacts on energy and protein intake differ from the more general investment impacts observed in the medium term. Second, we find that direct impacts are almost exclusively concentrated within scheduled casts and tribes and those with members relying primarily on the casual labor market. Third, the hypothesis of NREGS crowding out other forms of employment is rejected; program expenditures translate almost directly into additional employment. Finally, investment in land improvement, partly on participants' fields, emerges as a potential pathway for NREGS effects to materialize.
While all this suggests that NREGS is well targeted and has significant impacts, Andhra Pradesh is generally considered to be one of the better-performing states in terms of NREGS implementation. Using similar pre-and post-program data at the household level to extend the analysis to other states where implementation is much weaker could allow researchers not only to measure the aggregate impact of the program but also to better understand the impact of specific implementation arrangements (for example, social audits or electronic funds transfers), an area that would be of great interest to policymakers. Source: Authors' computation from household survey and administrative data. Notes: Significance level: *: 10%, **: 5%, ***: 1%. t statistics are in parentheses. NREGS = India's National Rural Employment Guarantee Scheme; Part = participation; nonp. = nonparticipation; Coeff = coefficient; t-stat = t-statistics; Rs = Indian rupees ; Kcal = kilocalorie; g = gram. Source: Authors' computation from household survey and administrative data. Note: NREGS = India's National Rural Employment Guarantee Scheme.
APPENDIX: SUPPLEMENTARY TABLES
